Conversion of photosynthetically derived energy in plants occurs within the highly specialized thylakoid membrane system of the chloroplast -a structure into which fascinating new insights have recently been afforded via developments in electron microscopy (Engel et al., 2015) . The stacking of part of the thylakoid membrane generates two main sub-compartments, the stacked grana core and the unstacked stroma lamellae as well as the postulated (Anderson, 1989; Albertsson, 2001) but as yet elusive grana margin. The highlighted paper (Koochak et al., 2018) describes how an optimized thylakoid fragmentation procedure, in concert with detailed ultrastructural and biochemical analysis, provides functional insight into the composition of the grana margins. Their study demonstrates that the grana margins are enriched in lipids, the cytochrome b6f complex, and ATPase but relatively deficient in photosystems and light harvesting complexes.
The laboratory of Helmut Kirchhoff, Professor at the Institute of Biological Chemistry at Washington State University, in Pullman has been working on the structure and function of plant thylakoid membranes for several years. Helmut joined the Institute almost 10 years ago initially in the capacity of Assistant Professor but in 2015 he was promoted to Associate Professor. The work described in this article, which was carried out in collaboration with Daniel Mullendore from the Franceschi Microscopy and Imaging Centre of Washington State University, took over 3 years for the joint co-authors post-docs Haniyeh Koochak and Sujith Puthiyaveetil who have subsequently moved to take to an Associate Professor position at Purdue University.
A major goal of their work was to attempt to explain the discrepancy concerning the identity and functional significance of the grana margins since electron microscopic studies suggest that they make up on 5-7% of the total thylakoid membrane area whilst biochemical fractionation studies suggest grana margin contributions of up to 25% (Anderson, 1989) . In their study Koochak et al. (Koochak et al., 2018 ) employed a digitonin-based fractionation method, (Fan and Heerklotz, 2017) , that allowed quantitative recovery of over 90% of the thylakoid in the summed grana core, grana margin, and stromal lamellae fractions. This represents a considerable improvement on previous fractionation methods due to the fact that digitonin does not solubilize the lipid bilayers but rather fractionates the membranes via micellar lipid transfer (Fan and Heerklotz, 2017) , thereby having a very mild impact on the thylakoid membranes.
To achieve the above-mentioned aim the authors used a combination of biochemical, biophysical, and electron microscopy to tackle the problems of the structural and functional organization of the thylakoid membrane. A prerequisite of this work was the use of digitonin to fractionate the thylakoid membrane which alongside the pioneering use of BN-PAGE/dot-blot quantification of PSII was initially established by Sujith, prior to its optimization and refinement by Haniyeh. These studies were particularly arduous taking 4-5 full days of uninterrupted lab work. However, they were worth it in that provided considerable novel insight into the nature of grana margins and into the logistics of protein turnover in the thylakoid membrane complex (Figure 1 ). Compositional analysis of the various fractions revealed that chlorophylls, lipids, and proteins are differentially abundant in the three subcompartment types. Moreover, the contribution of the grana core, grana margin, and stromal lamellae to the total thylakoid membranes were assessed to be 67%, 17%, and 16%, respectively. Given that the specific gravities of photosynthetic membrane proteins are close to one (Lustig et al., 2000) , these numbers serve as a good proxy for the area of these subcompartments with the total unstacked grana being similar to values reported from EM data (Vallon et al., 1991) .
Further support for this model was provided by obtaining transmission EM images of grana discs from protoplasts revealing small membrane fragments defining the grana margin that were clearly distinct from the large flat and sheet-like grana core and stroma lamellae. Following this BN-PAGE bands corresponding to PSII complexes previously annotated in the literature (Suorsa et al., 2015) were identified with comparison of the protein complex of grana core, grana margin, and stromal lamellae revealing unique compositions of each subcompartment with several the annotation of PSII holocomplexes (C2S2M2) in stromal lamellae identifying this region as a PSII assembly zone and the vast proportion of PSII subunits existing in monomeric form in the grana margin being highly consistent with its role as a PSII degradation zone. Finally, the team studied chlorophyll fluorescence induction curves, both for intact thylakoid membranes and the three sub-fractions, demonstrating that the stroma lamellae, in contrast to the grana margins, contain significant amounts of functional PSII. These combined data contributed to the conclusion that grana margins are not heavily involved in light harvesting and primary photochemistry but contribute more to cyt b6f-dependent electron transport, ATP production, and PSII degradation. The role of the grana margin in PSII assembly and degradation is fully consistent with the enrichment of D1-degrading FtsH protease in grana margins (Yoshioka and Yamamoto, 2011) since the grana margin only takes up some 17% of the thylakoid membrane, such a division of labor would allow a major proportion of the membrane for functional PSII and phytochemistry, whilst the stroma lamellae appears to be important for protein repair and reassembly (Puthiyaveetil et al., 2014) . However, not only are these conclusions immensely informative in their own right, the techniques established within this work will be able to be brought to bear on a number of other important questions in thylakoid biology. Amongst them is-How the degradation machinery recognizes the damaged PSII in the grana margins? However, these questions go beyond PSII repair to the broader question of Where proteins in thylakoid biogenesis and regeneration in general are located? As such studying dynamics of protein distribution following environmental challenges will likely be highly informative to ascertain if the distribution of for example the important regulatory kinases (STN7 and STN8) or proteins involved in cyclic electron transport. Additionally, given that the grana core and stroma lamellae membranes appear to be intact studying the electron transport and light harvesting functions of the subdomains would likely be highly revealing.
The above questions notwithstanding, the highlighted paper provided compelling evidence that a substantive portion of the thylakoid membrane is represented by the grana margin. Compositional analyses revealed that this domain is highly distinctive from both the grana core and the stroma lamellae as well as providing clear structural and evidence in support of a role for the grana margin in the degradation of PSII. Koochak et al. (Koochak et al., 2018) , importantly provided supporting functional analysis at the level of chlorophyll fluorescence thereby demonstrating the potential of combining traditional biochemical and biophysical analysis with the power afforded by contemporary electron microscopy. 
